. GOCHENOUR. Enzymatic debridement of third-degree burns on guinea pigs by Clostridium histolyticum proteinases. J. Bacteriol. 83:602-608. 1962.-An attempt has been made to correlate in vitro activities of Clostridium histolyticum H-4 proteinases, as measured against azocasein, azocoll, gelatin, and collagen, with their ability to debride full-thickness thirddegree burns (360 C, 15 see) on guinea pigs. The major portion of the debriding activity is tentatively identified as due to the delta-proteinase, in the absence of cysteine, and to a new proteinase contained in the same fraction in the presence of cysteine. Other proteinases produced by this strain were also capable of debriding burns. However, collagenase and the gelatinase of the 0 to 22 % fraction did not appear to be essential for the debridement of these burns.
In an investigation of Clostridium histolyticum proteinases as potential sources of debriding enzymes, Altemeier et al. (1951) showed that these crude proteinases were more active than other bacterial proteinases when injected subcutaneously or applied topically to third-degree burn eschars. However, purified collagenase preparations were not as active as the crude enzymes when applied topically. May et al. (1953) have shown that both crude and purified preparations of collagenase could readily attack flame burns, provided the burn had been crosshatched so that the enzyme could penetrate to its susceptible substrate. Rousselot (1953, 1954) found that crude C. histolyticum proteinases were unique in their ability to debride hot-water burns, and that other proteinases which worked well in vitro would not debride this substrate. Howes et al. (1955) , however, partially purified the proteinases from C. histolyticum and found that the delta-proteinase, a collagenase, and a peptidase fraction were all effective in the removal of burn tissue by subcutaneous injection beneath the eschar. The addition of a small amount of collagenase to the delta-proteinase aided the proteinase in removing slough. In more recent studies with crude preparations of C. histolyticum, Howes et al. (1959) noted that collagenase plays a dominant role in the removal of burn tissue after subcutaneous injection.
The present paper deals with an additional attempt to identify the proteolytic enzyme or enzymes in C. histolyticum culture filtrates which are responsible for debridement of third-degree burn eschars. Partially purified fractions have been compared for their ability to debride, by topical application, third-degree burn eschars on guinea pigs. Methods have been previously described Conklin et al., 1961) for the determination of proteolytic activities on azocasein, azocoll, and collagen. A quantitative procedure for the measurement of proteolytic activity on gelatin, a modification of the method described by Bidwell and van Heyningen (1948) , was also employed. To 2 ml of 0.02 M borate buffer (pH 7.5) containing 0.01 M CaCl2 and 0.15 M NaCl, in an ice bath, was added 0.2 ml of enzyme samples diluted in 0.1 M tris(hydroxymethyl)aminomethane (tris) buffer (pH 7.5) containing 0.01 M CaCl2 and 0.5 % Difco proteose peptone (Ca-Tris-PP buffer); 2 ml of a 1% gelatin solution in borate buffer, previously warmed to 37 C, were added to the cold enzyme solution and the sample placed at 37 C. Exactly 30 min later 1 ml of 5% phosphotungstic acid in 1 N H2S04 was added, the mixture was vigorously shaken, allowed to stand for at least 15 min, and the insoluble precipitate removed by filtration. The amount of soluble nitrogen was determined on 1 ml of the filtrate by microKjeldahl digestion with selenium-sulfuric acid, followed by nesslerization. The unit of gelatin activity is defined as that amount of enzyme which will digest 1 mg of gelatin, as determined by nitrogen assay. Standard curves from 5 to 30 units/ml were suitable for comparisons.
In vivo proteolytic activity was determined on standard third-degree burn eschars (360 C, 15 sec) on guinea pigs, as described elsewhere .
Partial purification and separation of some of the proteinases from C. histolyticum H-4 by ammonium sulfate precipitation have been described in a separate publication .
RESULTS
At least three proteinases have been identified (Mandl and Zaffuto, 1958) When these fractions were tested for their ability to debride third-degree burns on guinea pigs, it was found that two definite peaks in debridement occurred. The major portion of the debridement was associated with the delta-proteinase in the 0 to 22% fraction, together with proteolytic activities measured against azocasein, azocoll, gelatin, and collagen. The remainder of the debriding activity was found in the 28 to 30% and 30 to 35% fractions with the gelatinase and proteolytic activities as measured against azocoll. Collagenase was not associated with the debridement of these latter fractions since collagen activity was threefold greater in the 28 to 30% fraction, compared to the 30 to 35% fraction, and yet debridement was essentially unaltered (Table 1 ). In addition, collagenase was not responsible for the debridement occurring in the 0 to 22% fraction, as comparison of several of these fractions for their ability to debride burns at the same level of azocasein activity revealed that all gave equivalent debridement, although they varied 100-fold in their collagenase content. Stability and cysteine activation of the 0 to 22% proteinases. An attempt was made to identify the proteinase(s) in the 0 to 22% fraction which was responsible for its ability to debride burns by subjecting this preparation to a variety of storage conditions (Table 2 ). The debriding activity was associated with the proteolytic activities as measured against azocasein and azocoll, and was presumably due to the presence of delta-proteinase. The gelatin activity of this fraction, however, would appear to represent a new proteinase (gelatinase 0-22) which varied in proteolytic activity independently from both collagenase and the delta-proteinase and did not appear to be responsible for the debridement of this fraction.
When the proteolytic determinations and the debriding activity of these samples were conducted in the presence of cysteine, it was thought that debriding activity would be lowered since the delta-proteinase was inhibited by this agent. However, debriding activity was essentially unaltered, although azocasein and azocoll activities were lowered fivefold. The gelatin activity of this fraction was activated, suggesting that the gelatinase 0-22 might be the cysteineactivated proteinase of C. histolyticum, which had previously not been identified in this strain. However, the stability studies suggested that this latter proteinase was not responsible for the debridement of this fraction in the presence of cysteine.
Partial separation of the 0 to 22% proteinases. During the development of the ammonium sulfate fractionation procedure, it was noted that 0 to 22% fractions which were acidic frequently lost their collagen activity while retaining most of their activity against azocoll and azocasein. Attempts to filter these acidic solutions frequently removed a large portion of the remaining proteolytic activity, and suggested that the delta-proteinase had been precipitated. The results of investigation of this phenomenon in a more systematic manner are detailed in studying the effect of various storage conditions on the in vitro and in vivo proteolytic activities. The conditions used for determining the stability of this fraction are detailed in Table 4 . The azocoll activity of this fraction correlated with the debriding activity. Neither the gelatin activity nor the collagen activity appeared to be responsible for the debridement. The asocasein activity of this fraction represents still another proteinase (azocaseinase 30-35) which did not play a major role in debridement in the absence of cysteine.
When these samples were assayed in the presence of cysteine, however, both the gelatin and azocasein activities (azocaseinase 30-35) were activated and debridement paralleled the azocasein activity. The azocoll activity of these fractions was only slightly inhibited by cysteine, suggesting the presence of still another proteinase (azocollase 30-35) .
Effect of normal horse serum on proteolytic activity. Maschmann (1938) noted that the casein activity of C. histolyticum filtrates was completely inhibited by normal serum, whereas gelatin activity was either unaltered or slightly activated; Duthie and Lorenz (1949) (Table 5 ). An attempt was also made to determine the effect of ferrous ion both in the presence and absence of cysteine. However, the tris and borate buffers failed to maintain a constant pH in the presence of 0.01 M ferrous sulfate. The proteolytic activities were either inhibited or unaffected by ferrous ion, except for the small residual gelatin activity found in the precipitate from isoelectric precipitation of the 0-22% proteinase. This enzyme (gelatinase precipitate 0-22) was activated in the presence of cysteine and iron.
DISCUSSION
These studies have furnished presumptive evidence for the presence of at least nine proteinases produced by this strain of C. histolyticum.
The data, together with the major substrates believed to be attacked by these proteinases, are summarized in Table 6 . Positive identification of these proteinases, however, must await development of further methods for their separation.
Nevertheless, it is apparent that C. histolyticum produces a large number of proteolytic enzymes. It is perhaps understandable, therefore, that the earlier investigators, utilizing different strains and different media, published contradictory reports concerning the pH optima of these proteinases and the effects of added activators.
The major portion of the debriding activity, as measured by third-degree burns on guinea pigs would appear to be associated with the delta-proteinase in the absence of cysteine; in the presence of cysteine, the activity would be with the residual azocaseinase or azocollase found in the precipitate after isoelectric precipitation of the 0-22% fraction. Neither the gelatin activity of this fraction nor its collagen activity appeared to be involved. In the 30-35% fraction, the azocollase may be responsible for the debriding activity in the absence of cysteine, whereas in the presence of cysteine the azocaseinase of this fraction would appear to be the major debriding enzyme. Since the major debriding activity of the culture filtrates in the absence of cysteine is related to its azocasein activity (delta-proteinase), a positive correlation was obtained between debridement and this in vitro proteolytic activity in the study of various medium ingredients .
These data are in agreement with those of Altemeier et al. (1951) , who demonstrated that collagenase is not the proteinase responsible for debridement of contact burns. It has previously been reported that two enzymes, trypsin and a mold proteinase, both devoid of collagenase activity, are capable of debriding the type of third-degree burns studied in the present paper. However, May et al. (1953) and Rousselot (1953, 1954) , utilizing flame and hot-water burns, respectively, implicated collagenase as the responsible enzyme. In addition, Howes et al. (1959) , utilizing contact burns but injecting the enzyme beneath the eschar, found collagenase activity a requisite for debridement. It is possible, therefore, that the necessary enzymes are determined by the type of burn and the method of application. If there is only partial denaturation of the collagen, in a manner similar to that found by Howes et al. (1959) in the rim of their contact burns, collagenase activity may be necessary to effect debridement.
